ABSTRACT: High-altitude platforms (HAPs) are aircraft, usually unmanned airships or airplanes positioned above 20 km, in the stratosphere, in order to compose a telecommunications network or perform remote sensing. In the 1990 and 2000 decades, several projects were launched, but very few had continued. In 2014, 2 major Internet companies (Google and Facebook) announced investments in new HAP projects to provide Internet access in regions without communication infrastructure (terrestrial or satellite), bringing back attention to the development of HAP. This article aims to survey the history of HAPs, the current state-of-the-art (April 2016), technology trends and challenges. The main focus of this review will be on technologies directly related to the aerial platform, inserted in the aeronautical engineering field of knowledge, not detailing aspects of the telecommunications area.
INTRODUCTION
In the 1990 and 2000 decades, several projects were launched in order to explore the potential application of high altitude platforms for telecommunications and remote sensing. Large projects were started in the United States, Japan and South Korea (Levine 2004; Eguchi and Yokomaku 2000; Lee et al. 2006) .
High-altitude platforms (HAPs) are aircraft positioned above 20 km altitude, in the stratosphere, in order to compose a telecommunications network or perform remote sensing, for civilian or military applications. These aircraft may be airplanes, airships or balloons, manned or unmanned. The stratosphere is the layer of the atmosphere where the temperature starts to increase with altitude. Immediately after the tropopause, which has a constant temperature of about −60 °C, the stratosphere starts at an altitude of 7 km at the poles and 18 km at the Equator, extending to around 50 km (Widiawan and Tafazolli 2006) .
A remarkable fact for the HAPs concept was the initial definition of a frequency band for its telecommunications services on the World Radiocommunication Conference 1997 (WRC-97), organized by the International Telecommunication Union (ITU), which deals with the regulation of the use of radio frequencies. At this conference, the term "High Altitude Platform Station" (HAPS) has been established, defined as a telecommunications station located at an altitude of 20 to 50 km and at a specified fixed point relative to the Earth. This fact shows that, at the time, there was a growing interest in HAP utilization as a complement to terrestrial and satellite-based communications network.
Over the years, several terms have been used for this type of aircraft, such as: "High Altitude Powered Platform", "High Altitude 
APPLICATIONS
The main HAP applications are in telecommunications and remote sensing, both civilian and military. In the area of telecommunications some of the advantages of HAPs in relation to terrestrial networks (relay towers) are larger coverage area, less interference caused by obstacles (buildings, ground elevations) and shorter time to deployment. Compared to satellites, HAPs have the advantages of lower latency (transmission delay) and the possibility of return for maintenance or payload reconfiguration (Grace and Mohorcic 2011) .
For remote sensing, HAPs have as an important advantage over satellites, mainly the low orbit ones, the ability to remain continuously over an area for very long periods (persistence). Another advantage is to permit better resolution images, because they are closer to the covered areas (Wang 2011) .
PLATFORM TYPES
The most common types of aircraft used as HAP are: airplanes, airships and balloons. In the "Main Projects" section, this paper presents examples for each of these types. HAPs can be manned aircraft or UAV. Examples of manned airplanes that can act as HAPs are: U-2, WB-57, M-55 and G520 (Colozza 2003; Grace and Mohorcic 2011) . A manned airplane designed from the beginning to serve as HAP was Proteus, built in 1999 by the American company Scaled Composites for the High Altitude Long Operation (HALO) concept, from Angel Technologies Corporation (Karapantazis and Pavlidou 2005) . Figure 2 shows a picture of Proteus with a telecommunications antenna pod installed under the fuselage. As one of the objectives required by HAPs are very-long-duration flights at high altitude, counted in months and even years; all HAP projects identified after the year 2000 have been of unmanned aircraft, due to the complexity to maintain human beings in these extreme operating conditions. records with the Pathfinder (21.48 km, 1997) and Helios (29.52 km, 2001 ). The Helios (Fig. 3) had a span of 75 m and a total weight of 1,052 kg, having been tested in different flight configurations with 10 and 14 electric motors (Noll et al. 2007) . In 2000, AeroVironment estimated that, to transform Helios in a marketable product, especially for telecommunications services, it would be necessary an investment of 300 million dollars, in addition to the 50 million dollars spent on the prototype, up to that time, by the company and NASA (Colker 2000) . 
MAIN PROJECTS
Over the past 20 years, several projects for research and development of HAPs were started. Many initiatives were responsibility of small and medium enterprises, and the vast majority had no evolution. Examples of these unsuccessful projects are: SkyStation (US), HALO (US), and StratSat (UK) (Grace and Mohorcic 2011) . But some HAP projects reached more advanced stages of development, involving significant financial resources. Twelve of these major projects were selected and are presented below in chronological order of project start year.
HELIOS (ERAST PROGRAM)
The Environmental Research Aircraft and Sensor Technology (ERAST) Program, initiated in 1994 and conducted by NASA in conjunction with industry, aimed to develop and demonstrate technologies that enable an aircraft at high altitude to perform long-duration missions for environmental monitoring (Levine 2004) . The ERAST Program addressed only fixed-wing aircraft, therefore airships were not included.
The family of unmanned solar energy aircraft developed by AeroVironment, for the ERAST Program, reached altitude In June 2003, the Helios prototype was lost in an accident near the island of Kauai, in Hawaii (Noll et al. 2007) . About 30 minutes after takeoff, the Helios encountered turbulence, at 853 m altitude, causing oscillations and structural failure of the aircraft, which crashed into the sea. The ERAST Program was closed in (NASA 2004 .
HISENTINEL80
The purpose of the HiSentinel Program was to develop a low-cost unmanned airship system capable of carrying payloads from 9 to 90 kg at high altitudes, with flight duration greater than 30 days. This US Army initiative began in 1996 with the family of airships Sounder (DoD 2012). The prime contractor for the development was the Southwest Research Institute (SwRI). The American company Aerostar International, of the Raven Group, was subcontracted for envelope manufacturing and flight tests support. These airships would be launched from remote locations without the need for special facilities such as large hangars. For this, the HiSentinel airships are released not fully inflated, similarly to high-altitude weather balloons. At the end of the mission, the equipment module, which includes the payload and battery, is detached from the envelope and returned to the ground by parachute (Lee et al. 2009 ).
The HiSentinel family consists of 3 different vehicles: HiSentinel20, 50 and 80, respectively with 20, 50 and 80 lb (9, 23 and 36 kg) of payload (Lee et al. 2009 ). The HiSentinel80 (Fig. 4) was 61 m long and designed to fly at an altitude of d'Oliveira FA, Melo FCL, Devezas TC 20 km for 30 days or more. Just one flight was conducted in November 2010, lasting 8 hours, instead of the planned 24 hours, reaching 20 km. The propulsive system did not worked in flight due to the failure of a component of the electric motor control (Smith et al. 2011) 
STRATOSPHERIC PLATFORM (SPF)
Feasibility studies of the Japanese Stratospheric Platform (SPF) Program started in 1998 and lasted 18 months, under the leadership of the National Aerospace Laboratory (NAL), currently the Japan Aerospace Exploration Agency (JAXA). The objective of the SPF Program was to develop a system based on a large unmanned airship, able to maintain position about 20 km altitude, targeting applications in future telecommunications networks and Earth observation sciences. The planning was for an 8 years development (Eguchi and Yokomaku 2000) . In the SPF Program, the full scale airship (Fig. 5) (Onda and Sano 2006) . The lowaltitude SPF-2 unmanned airship, 68 m long, was aimed to demonstrate some of the key technologies of SPF, such as flight control, and to conduct experiments for Earth observation and telecommunications. The Fuji Heavy Industries was the prime contractor for the development of SPF-2. In 2004, the SPF-2 performed 8 flights, in altitudes up to 4 km (Nakadate 2005) .
The SPF Program was terminated in 2005, with a total spending of about 200 million dollars, without getting financial support for continuation of the full-scale development phase (Onda and Sano 2006) . System components research activities, such as RFC system, considered as one of the 2 key technologies, beside of lightweight materials for the envelope, continued in JAXA (Okaya and Shinozaki 2011) . No information was found about the present situation of HAP technologies research in JAXA.
STRATOSPHERIC AIRSHIP
The Korean Stratospheric Airship Program, started in December 2000, was planned to be developed in a 10-year term. The ultimate goal of the program was a 200 m long airship (VIA 200) (Fig. 6 ), 22 tons total weight, with capacity to hold (Bang et al. 2008) . payload in 5 kg, but with greater autonomy by the use of new solar cells and batteries and structural weight reduction (Stevenson 2015 (Stevenson , 2016 Airbus Defence and Space 2016) . A future new version, Zephyr T (twin-tail), will have a payload of 20 kg with an increase in the wingspan (Fig. 8) . Flight testing of a scale model of Zephyr T began in 2016. The first flight of a full-scale Zephyr T is planned for 2018 (Stevenson 2016) . In February 2016, Airbus received from the UK Ministry of Defence a request for the production and operation of 2 Zephyr S, worth 13 million pounds (about 18 million dollars), with flights scheduled to 2017 (Airbus 2016; Stevenson 2016) . This is the first contract in the world for providing an operational HAP. position at 20 km altitude, with winds up to 12 m/s, carrying a 1,000 kg payload Bang et al. 2008; Lee et al., 2014) . Possible applications would be communication relay and ground observation. The project received support from the Ministry of Commerce, Industry and Energy (MOCIE).
The Korea Aerospace Research Institute (KARI) has completed Phase 1 of the Program in 2004, with the development of a 50 m long unmanned airship (VIA 50). This airship is able to achieve maximum altitude of 5 km and to carry a 100 kg payload. Also in this first phase, a new hangar was built in Goheung, in the southern region of the country. The VIA 50 first flight was in October 2003, in Goheung .
Phase 2 
ZEPHYR
The development of Zephyr solar high-altitude UAV family began in 2001 (Rapinett 2009 ). In July 2010, the Zephyr 7 (Fig. 7) , developed by the British company QinetiQ, established the current flight endurance record of 336 hours and 21 minutes (14 days), flying at about 18 km altitude on a US Army test range, in Yuma, Arizona (Amos 2010) . The Zephyr 7, with 23 m wingspan, 55 kg weight, and 5 kg payload, has two propellers driven by electric motors and uses the energy from solar panels during the day and lithium-sulfur batteries at night (Brown 2015) .
In 2013, Astrium, currently Airbus Defence and Space, purchased the Zephyr Project from QinetiQ. Airbus is developing the Zephyr S version (single-tail), formerly Zephyr 8, keeping the 
HALE-D (HAA PROGRAM)
The objective of the US Army High Altitude Airship (HAA) Program, initiated in 2002, was to develop an operating system based on a high-altitude airship, able to carry a payload (on the order of 907 to 1,814 kg) to an altitude of 20 km for months. The High Altitude Long Endurance Demonstrator (HALE-D) Project, started in 2008, was a HAA technology demonstrator, with Lockheed Martin as the prime contractor (Lee et al. 2009 ). The demonstrator had a length of 73 m, a total mass of 1,361 kg and a payload of 36 kg. It was designed to maintain a flight at 18 km altitude for 2 weeks. The first and only HALE-D flight ( d 'Oliveira FA, Melo FCL, Devezas TC In this flight, the airship did not exceed the altitude of 10 km. It was noticed a decrease in the rate of climb, which could take the airship to leave the restricted area defined by the American air traffic control agency (Federal Aviation Administration -FAA). It was decided to command an emergency recovery, with release of the helium gas. The aircraft descended on trees, after 2 hours and 40 minutes of flight. During the recovery operation, after removal of most of the equipment, a short circuit in solar panels caused a fire, destroying the aircraft. No person was injured due to the accident. After the accident analysis, it was verified that the rate of climb decrease was caused by freezing in the air valve. The program was terminated in 2011, with no provision for allocation of new DoD resources (DoD 2012). In the period from 2008 to 2012, the HALE-D Project received 36.3 million dollars (GAO 2012) . Despite the accident, caused by a subsystem failure, the work carried out indicates that it is very likely that the HALE-D Project will be successful in case it is resumed (Androulakakis and Judy 2013).
INTEGRATED SENSOR IS STRUCTURE
Integrated Sensor Is Structure (ISIS) is a joint US Air Force (USAF) and Defense Advanced Research Projects Agency (DARPA) program which started in 2004 with the aim of integrating a large radar in the structure of a high-altitude unmanned airship. Lockheed Martin was the prime contractor for the airship development and Raytheon, for the radar development (DoD 2012). In its demonstration version, the airship would have a length of 156 m, a total mass of 15,876 kg and a payload of 1,316 kg, capable of flying at the altitude of 20 km for one year. In the final version (Fig. 10) 
SOLAREAGLE (VULTURE PROGRAM)
The Very high altitude, Ultra endurance, Loitering Theatre Unmanned Reconnaissance Element (Vulture) Program, coordinated by DARPA, had the purpose of developing a highaltitude airplane with ability to remain in flight for 5 years, with a payload of 454 kg, which consume 5kW. This platform would be employed in Intelligence, Surveillance and Reconnaissance (ISR) and communication missions (IHS 2015) .
The first phase of the program began in 2008 with conceptual studies and duration of 12 months. Three companies were contracted for this phase: Boeing (3.84 million dollars), Lockheed Martin (4.27 million dollars) and Aurora Flight Sciences (3.64 million dollars) (FBO 2008) . The second phase (Risk Reduction Demonstration -RRD) started in 2012 and included the construction of a subscale vehicle, including demonstration of a flight with 3 months duration. Three companies submitted solar planes proposals for the second phase (Fig. 11) . The Odysseus, proposed by Aurora, presented an innovative concept. Three aircraft, each with 49 m wingspan, would take off separately and would be jointed, by the wing tip, to form a single aircraft at high altitude. During the day the aircraft would take the Z form to maximize the solar energy capture. At night, the wing would be set to a straight form to minimize aerodynamic drag. Boeing was the winner to perform the second phase, with the 122 m wingspan SolarEagle, in a contract of 89 million dollars. The first flight was planned to 2014 (IHS 2015; Boeing 2013 (Warwick 2014) . The StratoBus (Fig. 12 ) is a stratospheric unmanned airship 100 m long, with 33 m diameter, a total weight of less than 5,000 kg, with 250 kg and 5 kW available for payload. The operating altitude is 20 km, in one-year flight periods, limited by maintenance stops, which includes lifting gas replenishment (Thales Alenia Space 2016a). The StratoBus design incorporates some innovative solutions such as the use of a transparent envelope section that allows sunlight reflection in concentrators mirrors directed to solar panels inside the airship (Thales Alenia Space patent). This allows a reduction in the size and weight of the solar panels and also protects the solar cells from the degradation caused by the stratospheric environment. Another innovation is the use of a large ring fixing the engines and the equipment gondola, allowing the airship to rotate for better sunlight harness. During the night, the electricity will be provided by an RFC (Thales Alenia Space 2016a). The Thales Alenia Space planning is of 2 years for development of key technologies, such as the envelope material and the RFC, 2 years to build the first prototype and one year for flight tests. The forecast is that the product may be offered to the market after 2020 (Thales Alenia Space 2015). In April 2016, the project received an investment of 17 million euros (about 19 million dollars) from the French government for the 2-year key technologies development phase. A demonstrator flight is scheduled for 2018 (Thales Alenia Space 2016b).
PROJECT LOON
Project Loon, from Google, started in 2012 and has the objective to create a network of stratospheric balloons to provide Internet access in remote areas (Simonite 2015a) . Each balloon (Fig. 13) is of the superpressure type with 15 m diameter. The altitude control is performed by adding or removing air inside the balloon, with the use of a fan. With this, it is possible to select altitudes where the wind is in a convenient direction. The flight altitude is about 20 km, lasting up to 100 days, using energy from solar panels. The idea is to launch a constellation of several balloons, forming a ring at determinate latitude (Metz 2015) . Several tests have been conducted with the release of dozens of balloons, in places like New Zealand, Australia and northeastern Brazil. In February 2016, following an agreement with the government of Sri Lanka, Google started tests to provide Internet access services in the country using the Project Loon balloons, in a joint work with local operating companies (Tung 2016) . Another important event in 2016, in Puerto Rico, was the test of an autolauncher crane specially built for the project, enabling the launch of a balloon in just 30 minutes (Google 2016) . 
SOLARA PROJECT
In April 2014, Google bought the American company Titan Aerospace, a developer of Solara 50 high-altitude UAV d'Oliveira FA, Melo FCL, Devezas TC (Fig. 14) . The Solara 50 was announced by Titan Aerospace in 2013 (Warwick 2013) . The aircraft has a wingspan of 50 m and a total weight of 159 kg, with 32 kg payload. It is expected that the Solara 50 will be capable of flying at 20 km for up to 5 years (Aerospace Technology 2013).
in data rate. A 1:10 scalemodel conducted flight tests in March 2014, in the UK (Simonite 2015b) . In February 2016, India telecommunications authorities denied permission to Facebook for deploying the "Free Basics" service in the country, which provides free access to the Internet, but only for sites selected by the company (Hempel 2016) . According to Facebook, this service would connect millions of Indian citizens currently without access to the Internet. There is no information whether this denial will affect Facebook's plans for Aquila.
OTHER PROJECTS
In addition to these main HAP projects presented above, several others may be cited. In the United States, there are three projects in progress of medium-and high-altitude UAV, with the goal of 1 week or more autonomy, using hydrogen as a fuel: Global Observer (AeroVironment), Orion (Aurora Flight Sciences) and Phantom Eye (Boeing) (Sweetman 2013) . Two maneuverable balloon projects were supported by the DoD and NASA in the period from 2002 to 2010; however, they are currently paralyzed: StarLight (Global Near Space Services) and High Altitude Shuttle System (Near Space Corporation). These stratospheric balloons have controlability provided by a propulsion system installed in the suspended payload gondola. At the end of the mission duration, the payload in the form of an airplane is separated from the balloon envelope, which is discarded, and returns to the ground in a controlled flight (DoD 2012).
In Europe, several projects related to HAP were conducted with support of the European Comission, particularly in the period from 2002 to 2009. The main focus of these projects was research in telecommunications topics. Examples of these projects are HeliNet, CAPANINA, USEHAAS and COST297/ HAPCOS (Grace and Mohorcic 2011). In the HeliNet Project, completed in 2003, the Politecnico di Torino prepared studies for a stratospheric UAV denominated HeliPlat with a wingspan of 73 m, total mass of 815 kg and payload of 100 kg (Romeo et al. 2004) . The Advanced Research in Telecommunications Systems (ARTES) Project, from the European Space Agency (ESA), completed in 2005, made an estimate that the development of 2 stratospheric platforms with solar electric propulsion (airplane and airship) would require total resources of 270 million euros (about 302 million dollars), over a 10-year period (ESA 2006) .
There are private companies with proposals for HAP airships projects, but without confirmation of financial resources allocation for the development of these initiatives, such as: STRATXX (Switzerland), TAO Group (Germany), and RosAeroSystems (Russia).
In May 2015, the prototype of the Solara 50 was destroyed in an accident on its first flight, shortly after takeoff, in a test area in New Mexico, US. The accident was caused by structural failure of the wing due to air currents (thermals) at low altitude (NTSB 2015). Google announced that it will continue the development of the Solara 50 .
AQUILA
In March 2014, Facebook announced the purchase of the British company Ascenta with staff which participaded in he development of Zephyr at QinetiQ, in a deal valued at 20 million dollars (Arthur and Michel 2015) . The Aquila UAV (Fig. 15) , being developed by Facebook, is a flying wing with a wingspan of 42 m and a total weight of about 400 kg. The aircraft has four propellers driven by electric motors, with power supplied by solar cells during the day and rechargeable batteries at night. The Aquila will fly between 18 and 27 km altitude, for a period of 3 months. It will be taken to the stratosphere by a helium balloon. It is expected the use of a laser connection to form a high-speed communications network. In case of obstruction by clouds, it will be used a radio connection with some reduction 
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BIBLIOMETRIC ANALYSIS
The bibliometric analysis of scientific publications is an important tool to support forecasting of new technologies (Daim et al. 2006) . In the present paper, these tools have been used to identify countries wich had more papers in the area of HAP and the temporal evolution of the scientific work, with the construction of logistic curves. The following databases were analyzed for searching scientific articles: Scopus, Web of Science and Google Scholar. Scopus was selected because it has generated the largest number of results. The following search criteria (query string) were adopted, applied in any of the fields: title, keywords or abstract -"high altitude platform" or "high altitude airship" or "high altitude long endurance" or "high altitude solar powered" or "high altitude aeronautical platform" or "high altitude pseudo satellite" or "stratospheric platform" or "stratospheric aircraft" or "stratospheric airship" or "stratospheric aerostat" or "stratospheric satellite" or "atmospheric satellite".
In order to eliminate repetition and results without relation with the subject of this study, an analysis of each article abstract was performed. Publications were considered valid when they were directly related to the HAP subject. In addition to the papers in the field of aeronautics, articles on energy conversion, remote sensing, and telecommunications were also included. As an example of topics that meet the search criteria but are irrelevant in this paper, studies related to atmospheric sciences, microsatellites and conventional high-altitude UAV (HALE), as the Global Hawk, can be cited. Although this filtering procedure is prone to error, it is considered that the influence of these errors on the final quantitative results is small. About 30% of the publications obtained in the search were eliminated in this process.
After filtering, 1,220 scientific papers directly related HAP were identified in the period from January 1990 to December 2015. The average from 1968 to 1989 was about 1 publication per year, with a total of 22 publications, and, therefore, this period was not included in the survey. The total number of publications for each of the 5 countries with the largest number of papers was: China (348), US (242), Italy (117), UK (109) and Japan (90). Figure 16 shows, in a stacked chart, the distribution of scientific publications per year, for each of these 5 countries. From 2009, China becomes the country that publishes the largest number of scientific articles on HAP, while, in other countries, there was a decline in publications.
By using the Logistic Substitution Model 2 (LSM2) program, from the International Institute for Applied Systems Analysis (IIASA), the logistic curves for the growth in the number of published papers were calculated, in accumulated values, for China and other countries of the world (Fig. 17) . In this survey of scientific articles, China publications previous to 2000 were not identified. From these logistics curves, it may be estimated that the saturation limit in China should be of 555 publications and, in other countries, of 894. The year to achieve 90% saturation in China is estimated in 2018 and, in other countries, in 2013. These estimations are valid provided that there are no significant changes in the current world scenario of HAPs, as a further increase in scientific interest in the subject due to expressive successful results of Google, Facebook, Airbus and Thales companies.
Of the total of 270 institutions of the articles authors, 90% were academic (universities), 6% research institutes (including governmental organizations), and 4% industries. Based on an analysis of abstracts, a classification of the papers was conducted in the following topics: type of HAP covered by the paper (airplane, airship or balloon), article specific on telecommunications and article with other issues, such as energy conversion and remote sensing. Table 1 presents the results of this classification for the total 1,220 articles and is also divided into China and other countries. It is worth mentioning that 58% of the publications on HAP in China are related to airships and 57% of the papers from other countries, to telecommunications area. Most of the articles related to balloons are on the StratoSail concept that a wing is suspended by a long cable attached to a stratospheric balloon, allowing a limited navigation capability for the balloon (Nock et al. 2002) . Although a significant number of papers published in China on airships might indicate the existence of a centralized governmental orientation for the future development of a stratospheric airship, it was not found any reference to confirm this hypothesis. Some of the Chinese articles mention possible military applications for high-altitude airships, for example, as a platform for GPS signal jamming for defense against cruise missiles (Li et al. 2013) .
TECHNOLOGICAL CHALLENGES
Designing aircraft to operate in the stratosphere as HAP imposes major technological challenges, with the main ones being: lightweight structures, energy generation and storage, thermal management, operation at low altitude and reliability. Some aspects of each of these challenges will be discussed next.
LIGHTWEIGHT STRUCTURES
At an altitude of 20 km, typical of HAPs operation, the air is rarefied, with a density of about 7% of the sea level. As the lift, both aerodynamic and aerostatic, which counteracts the weight of the aircraft, is directly proportional to the air density, the wing area in the case of airplanes and the volume in the case of airships and balloons, designed to operate as HAP, have to be about 14 times larger than if the aircraft were dimensioned to sea-level conditions, considering the same design features, such as total weight, aerodynamic shape and operation speed. These large dimensions lead to very severe optimization requirements of HAPs structural weight.
In the case of airships and balloons, the envelope material must have low weight characteristics, high strength, high ability to withstand damage (tear, pin holes), low permeability to lifting gas, maintain flexibility at low temperature and low degradation with UV radiation and ozone (Zhai and Euler 2005) . It is typically used laminated with an outer layer, for environmental protection and retention of gas, and internal fibers, for structural strength, joined by an adhesive layer. A typical HAP laminate has thickness of 0.16 mm and density per area of 130 g/m 2 (Liu et al., 2015) . As an example of the importance of the use of advanced materials for the envelope of high-altitude airships, it can be mentioned that the Japan SPF Project estimated that the mass of the structure corresponds to 52% of the total airship mass (Eguchi and Yokomaku 2000) . Also for HAPs of the airplane category, lightweight structures are essential. A typical wing structure of a HAP airplane, as the Helios (Fig. 18) , from AeroVironment, consists of tubular spar and ribs using composite material (carbon fiber), rigid foam leading edge and plastic film skin (Noll et al. 2007 ). The weight of various components of a HAP airplane is distributed along the wingspan to reduce the structural stress on the wing. As an example, on the Zephyr, the batteries are installed in the wing spar (Rapinett 2009 ). One of the technologies required for the design of these large and very flexible wings is analysis of aeroelastic phenomena, such as flutter, and its influence on the stability and control of the airplane.
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These optimized structures for high-altitude flights have the disadvantage of fragility at gust conditions found at lower altitudes. Examples of this weakness are the accidents of Helios in 2003 and Solara 50 in 2015.
ENERGY GENERATION AND STORAGE
Like any aircraft, HAPs require a source of energy for the propulsion system and the electricity supply to their systems and payload. HAP projects with the objective of achieving very long endurance, on the order of months and even years, prevent the use of energy sources based on traditional aviation fuel, as avgas (aviation gasoline) or jet fuel (aviation kerosene), and other less common fuels, such as diesel or hydrogen. Nuclear power is a technically feasible solution, but politically not acceptable by society, because of the associated risks (Sweetman 2012) . The potential for power transmition to the aircraft from ground stations, via microwave or laser, has been studied, but it is still far from being operationally viable (Dickinson 2013) . Currently, the main source of energy generation considered for HAPs is the Sun (Zhu et al. 2014) .
The most commonly adopted solution for very long endurance HAP is, during the day, the solar energy converted into electricity by means of photovoltaic cells (solar cells), and part of this electricity is used to charge a storage system, usually rechargeable batteries or RFC for later use at night (Nickol and Guynn 2007) .
The use of RFC on HAP, although with promising advantages, has been one of the major technological challenges. In Japan, research for the SPF airship defined as a target for the RFC system achieving a specific energy of 450 Wh/kg. The current systems have 350 Wh/kg of specific energy (Okaya and Shinozaki 2011) .
THERMAL MANAGEMENT
The lighter-than-air (LTA) aircraft are directly influenced by the temperature difference between the lifting gas and the external atmosphere. This effect is called superheating, when the temperature of the internal gas is higher than that of external air, or supercooling, in the opposite case (Harada et al. 2003) . This difference of temperature may be caused by several factors, such as direct solar radiation, solar radiation reflection on Earth's surface or clouds (albedo), expansion of the lifting gas during climbing or compression in descent, changes in atmospheric temperature (day/night) and warming caused by operation of photovoltaic cells (Yao et al. 2014) . The influence can be in aerostatic lifting force or internal pressure, in the case of superpressure airships. The thermal management of HAP airships, including the mathematical modeling of the thermal balance and the use of insulating materials, is a technology that needs to be intensified (Wu et al. 2015) .
OPERATION AT LOW ALTITUDE
The HAP projects, both airplanes and airships, are optimized for the stratosphere conditions, at altitudes close to 20 km, where the thin air is relatively calm and the wind speed is low (Jamison et al. 2005) . As result, HAPs have low power propulsion systems and light and fragile structures, when compared to aircraft designed to operate at lower altitudes. The strong winds and turbulence found in the troposphere can lead to loss of the HAP, such as the accidents of Helios in 2003 and Solara 50 in 2015. Therefore, an important point in the HAPs operation at low altitude, especially in phases of launch and recovery, is the choice of weather windows where the weather conditions are appropriate (Brooke 2005 ). An example of these limitations is that, for the operation of Zephyr, it is chosen calm weather conditions, such as those found in desert regions (Rapinett 2009 ). The domain of technologies for weather forecasting in the operations area and for simulation of the aircraft trajectory at the conditions found at low altitude is essential to the successful operation of HAPs.
Another important aspect to be considered in HAP operations is the coordination with the airspace control organizations. Most of the time of flight of a HAP is above the air control altitude limit, usually defined at 20 km (65,000 ft). The launch and recovery phases, which occur at lower altitudes, should be planned in conjunction with the airspace control agency, with the definition of specific segregated areas for that operation. The integration of unmanned aircraft in not segregated airspace is a subject not yet regulated, mainly due to the issue of avoiding air collisions ("sense and avoid"). Aspects in the field of international law related to the overflight of other countries also need to be analyzed.
RELIABILITY
HAP operation by long flight periods, for months or even years, will require equipments with a high level of reliability (Bolkcom 2004) . In the definition of HAP equipment, it should be considered that the environment in the stratosphere has aspects similar to the space, such as very low temperatures, marked temperature cycles (day/night) and intense solar radiation and UV (Keck Institute for Space Studies 2014). Another important point is that the low pressure at high altitudes can cause arcing problems in electrical components (Ferguson and Hillard 2004) . For an operational HAP, it is likely that space equipments and components are adopted, usually of very high cost. The high-reliability issues must be applied even to the HAP system as a whole, including ground stations and data link. The methods used to perform reliability analysis, as Failure Mode, Effects and Criticality Analysis (FMECA), should be adapted to the specific case of HAP systems. 
TECHNOLOGY TRENDS
Based on the evolution of HAP projects and the current state-of-the-art of its technologies, it is possible to perform an analysis of technology trends in this area. Most of the current projects are of UAVs, due to the goal of achieving very-long-duration flights. This trend should be increasingly strengthened.
For these long flights, it is expected to increase the use of solar cell panels (photovoltaic cells) as the primary energy source of HAPs. For nighttime, it is unclear whether there will be a preference for advanced rechargeable batteries, such as lithium-sulfur, or RFC. These two technologies are expected to have significant advances in the coming years due to the evolution of electric car industry.
In the military market, the decline of US involvement in the conflicts in Iraq and Afghanistan motivated the stop of HAP projects managed by the DoD, as in HAA, ISIS and Vulture Programs.
Among the HAP developments underway with better prospects for continuity allocation of financial resources, there are three airplane projects (Google' s Solara 50, Facebook' s Aquila and Airbus' Zephyr), only one airship (Thales' Stratobus) and one balloon (Google's Loon) . This predominance of airplane projects does not seem to be a confirmed trend for medium and long term. The number of technical publications in China on HAP airships may be an indication that airships will still be a significant segment of future HAP projects.
Analyzing the information on the 12 major HAP projects, presented in this paper, it is noticed that 7 were closed without achieving results that would ensure continuity and 5 are in progress (Airbus Zephyr, Thales Stratobus, Google Loon, Google Solara 50 and Facebook Aquila). This finding indicates that the technological maturity (Technology Readiness Level -TRL) for the development of HAP aircraft has not reached a level sufficiently high to ensure their certification, serial production and commercial operation.
At present, the technological risks involved in developing HAP are very high.
CONCLUSIONS
The advantages of HAPs, if confirmed, indicate a good probability of being adopted mainly in the telecommunications market. The excitement about the concept, emerged in the early 2000s, did not materialize. Several projects that looked very promising, as airships in Japan and South Korea and ERAST airplanes in the US, did not have continuity. In the military arena, the decline of US involvement in the conflicts in Iraq and Afghanistan led to the halt of Department of Defense HAP projects. The occurrence of accidents, such as the Helios in 2003 and the HALE-D in 2011, as well as project closure serve as an alert to the fact that technologies related to HAPs are still in a lown level of maturity (TRL).
Several technological challenges still need to be overcome, such as: lightweight structures, energy storage with RFC, airships thermal management, operation at low altitude, and increase in system reliability.
The bibliometric analysis showed that, by 2009, countries that most published on HAP were US, Italy, UK and Japan. Currently, China has been the main generator of scientific articles in HAP area, with emphasis on airships.
From 2013, Airbus Defence and Space, Thales Alenia Space, Google and Facebook began investing in HAP projects mainly aimed to supply Internet in areas without telecommunications infrastructure, bringing new hope to achieve the establishment of a HAP industry. The future of HAPs will be driven mainly by the evolution of technologies of potential competitors, such as microsatellites constellations, and the availability of financial resources to overcome the HAP technological challenges.
